FEASIBILITY STUDY FOR THE APPLICABILITY OF APPLYING THE HOT RECYCLING TECHNOLOGY FOR REPAIR OF ASPHALT CONCRETE PAVEMENTS by Vyacheslav Savenko et al.
WORLD SCIENCE                                                                                                                          ISSN 2413-1032 
 
RS Global                                                                                                            № 5(57), Vol.1, May 2020 7 
 
FEASIBILITY STUDY FOR THE APPLICABILITY OF 
APPLYING THE HOT RECYCLING TECHNOLOGY FOR 
REPAIR OF ASPHALT CONCRETE PAVEMENTS 
 
Vyacheslav Savenko, 
Doctor of Technical Sciences, Professor, Head of Department 
Department of Transport Construction and Property Management 
National Transport University, Kyiv, Ukraine,  
ORCID ID: https://orcid.org/0000-0001-8174-7728 
 
Sergii Illiash, 
Head of department of normative and engineering of roadworks 
M.P. Shulgin State Road Research Institute State Enterprise - Derzhdor NDI SE 
Kyiv, Ukraine, 
ORCID ID: https://orcid.org/0000-0002-3001-8012 
 
Tetiana Stasiuk, 
Junior researcher of department of normative and engineering of roadworks 
M.P. Shulgin State Road Research Institute State Enterprise - Derzhdor NDI SE 
Kyiv, Ukraine,  
ORCID ID: https://orcid.org/0000-0001-5921-4503 
 
DOI: https://doi.org/10.31435/rsglobal_ws/31052020/7070 
 
ARTICLE INFO 
Received: 18 March 2020 
Accepted: 10 May 2020 
Published: 31 May 2020 
 
ABSTRACT 
The main technological solutions for the current repair of non-rigid 
pavement in Ukraine are identified. The cost assessment of repair 
technologies was carried out depending on the cost of arrangement of the 
pavement and its maintenance. The technical and economic comparison of 
traditional technologies of current repair of asphalt concrete pavement and 
technologies of hot regeneration of asphalt concrete is carried out. An 
expert method and a method of comparison were used in the research. To 
calculate the comparative economic efficiency, the indicator of reduced 
costs was taken into account with the risk-free discount rate. Estimate 
calculations were performed using the software CMETA_8_Online. Based 
on the analysis of the obtained results, it is established when comparing 
only the cost of repairs, the most cost-effective methods of renovating the 
riding qualities of roads are surface treatment and hot recycling technology 
by the Reshape method. Technologies of hot regeneration of asphalt 
concrete and arrangement of wear layers from cast emulsion and mineral 
mixes are cost-effective when carrying out the comparison for interrepair 
(5 years for current average repair) period. 
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Introduction. Taking management decisions during the implementation of new equipment, 
materials and technologies should be based on the results of their feasibility study. Feasibility study of 
design decisions involves two aspects of analysis: technical and economic. The technical aspect 
involves the development of a number of options that is possible in terms of their technical 
implementation. The economic aspect involves an economic evaluation of each of the options [1]. 
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An important component of the strategy for the development and maintenance of the road network 
in Ukraine is measures to prevent the destruction of the road pavement which includes current repair. 
Traditional technological solutions for the current repair of non-rigid pavement in Ukraine 
mainly include additional arrangement of pavement wearing courses: asphalt concrete layers, crushed 
stone-mastic layers, wearing courses of cast emulsion and mineral mixtures [1]. Fulfillment of such 
works allows renovating the riding qualities of the road but requires significant funds and reserve of 
road construction materials. Taking into account the tendency of increasing the cost on road 
construction materials, in particular on imported bitumen, the technology of their reuse is relevant. 
One of the promising methods of renovating the riding quality of roads is the technology of 
hot regeneration of asphalt concrete based on the reuse of materials. Depending on the method of 
preparation, there is a technology of preparation of hot regenerated asphalt mixtures at the plant and 
directly on site. According to the world practice of road construction, technologies of hot recycling of 
paving asphalt concrete on site are classified depending on the type and purpose of work, 
manufacturing processes and application of regenerated mixtures as follows [2]: 
- Reshape method – profiling; 
- Repave method – profiling with the renovation of a wearing course; 
- Remix method –regeneration with a change in the composition of the old asphalt concrete by 
adding new materials in the amount of up to 30% by weight; 
- Remix Plus method –regeneration with a change in the composition of old asphalt concrete 
and simultaneous arrangement of a layer of new asphalt concrete mix in one passage. 
Studies described in [3-6] have shown that by the use of hot recycling technologies on site an 
economic effect from 20% to 35% compared to traditional technologies of repairing asphalt pavements 
can be achieved. However, the authors of these works determined the economic effect without taking 
into account the costs on operation of the repaired areas which are very important factors. 
Taking into account a fairly wide range of works on current repairs in Ukraine and 
insufficiently studied technology of hot regeneration of asphalt concrete, it is important to conduct a 
technical and economic comparison for choosing a rational option. 
The object of research is the technology of current repair of asphalt pavement. 
The purpose of the study is to evaluate the cost-effectiveness of technologies for hot 
regeneration of asphalt concrete in comparison with alternative technologies for repairing asphalt 
pavement. 
The methodology of the study. 
The efficiency of different repair technologies was determined by comparing the reduced costs 
per 1000 m2 of road pavement consisting of the cost of repairs, the cost of materials, costs on 
operational maintenance during the comparative period (T). As a criterion for assessing the 
comparative efficiency of technology the minimum value of the integrated costs Ci which also 
includes the loss of road users during repairs was used [7]. 
The calculation of the reduced costs is carried out taking into account the risk-free discount rate E. 
To compare the costs of different repair technologies the following formula was used [7]: 
    (1) 
where   – the cost on current midterm repairs of pavement; 
n – the number of current midterm repairs that are performed during the comparative period Т; 
 – costs for current minor repairs and operational maintenance of pavement; 
 – losses of road users during repair works. 
m – the number of years of operational maintenance of road pavement by the selected option 
of work performance; 
Е – risk-free discount rate in relative units; 
(1+Е) – cost discount rate; 
t – year of calculation. 
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The costs of repair and operational maintenance work were determined by the resource 
method in accordance with SOU 42.1-37641918-085: 2018 "Highways. Rules for determining the cost 
of current repair and operational maintenance. 
The direct costs were determined on the basis of resource estimate norms DSTU B D.2.2-27: 
2016 “Resource element estimate norms for construction works. Highways (Collection 27)”, 
DSTU B D.2.7-1: 2012 “Resource estimate norms of operation of construction machines and 
mechanisms”, SOU 42.1-37641918-034: 2018 “Road machines and mechanisms. Resource estimate 
norms of operation of construction machines and mechanisms”, SOU 42.1-37641918-035: 2018 
“Roads. Resource element estimate norms for repair and construction works”. 
There are no resource element estimate norms for works on hot recycling of road asphalt 
concrete on site by Reshape and Repave methods. Taking into account the above, individual 
estimate norms were developed for the relevant works, taking into account the requirements of 
DSTU-N B D.1.1-6: 2013 “Guidelines for the development of resource element estimate norms for 
construction works”. 
For normalization the needs in labor and technical resources during the development of 
individual estimate norms, the calculation and research method was used [8]. It is based on the use of 
data obtained as a result of carrying out the special regulatory research (measurements, photo-timing). 
Determination of the value of labor costs (Vlc) of construction workers is calculated by the 
formula [8]: 
               (2) 
where   – the amount of projected costs for the process meter, man-min; 
 – projected costs for preparatory and final work, %; 
 – projected costs for recreation and personal needs, %; 
 – projected costs for maintenance of machines and mechanisms. 
The time of use of machines and mechanisms (Tm, mach.h) and labor costs of units servicing 
machines and mechanisms (LCusm, man.h) were determined on the basis of the current standard 
working time of construction workers and the number of performers: 
 
         (3)
 
           (4)
 
where    – quantitative composition of the construction workers, man.;  
  – quantitative structure of the unit serving machines and mechanisms, man. 
The scope and cost of certain types of work to be performed during the current minor repairs 
and operational maintenance of 1 km of public roads were determined taking into account the 
minimum maintenance standard according to [9]. 
During determining the cost of work on current minor repairs and operational maintenance, 
the conditions of operation of non-rigid pavement after repair work were taken into account. With this 
in mind, the following options for carrying out the current minor repairs and operational maintenance 
were selected [7]: 
–the first option: without taking into account the work on the elimination of potholes after the 
repair of pavement; 
–the second option: includes the whole complex of repair works. 
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When formatting the minimum value of the integrated costs indicator, the losses of road users 
during repair works were neglected, as they are insignificant and will not significantly impact on the 
research results. 
The comparative period (T) is determined taking into account the inter repair time of road 
pavements operation for highways of category 3 in accordance with VBN G.1-218-050-2001 "Inter 
repair time of road pavements operation on public roads" and is 5 years. 
Research results and discussion. 
On the basis of the conducted analysis on the experience of application of the technologies of 
the current repair of the road pavement in Ukraine and of the expert assessment, the following main 
technologies of the current mid-term repair were chosen: 
1) Milling and construction of a new layer of asphalt concrete. Including cold milling of 
asphalt concrete pavement by milling to a depth of 5 cm, preparation of asphalt concrete mixture and 
its transportation to the object, arrangement of a top layer of 5 cm thickness with a fine-grained asphalt 
concrete mixture by paver; 
2) Removal of potholes and arrangement of a new layer of asphalt concrete. Includes 
patching, preparation of the asphalt mixture, transporting the mixture to the site and arranging the top 
layer of 5 cm;  
3) Milling and arrangement of a reclaimed asphalt layer. Includes cold milling of asphalt 
concrete pavement to a depth of 5 cm, transportation of milled crumbs to the asphalt plant, preparation 
of asphalt mixture using regeneration additives and its transportation to the site, arrangement of a top 
layer of 5 cm thickness with fine-grained regenerated asphalt mixture by paver; 
4) Hot recycling technology using the Reshape method. Includes heating and milling the 
pavment to a depth of 2 cm using a remixer, mixing the milled material in the mixer, paving and 
compacting the mixture. On top of the reclaimed layer, a wearing course of 10 mm thickness of cast 
emulsion-mineral mixture is laid. 
5) Hot recycling technology using the Repave method. 
Includes heating and milling of pavement to a depth of 4 cm using a remixer, mixing the 
milled material with simultaneous placement of a wearing course of asphalt concrete mixture and 
compaction of two layers in one passage. 
6) Hot recycling technology using the Remix method. The method includes heating and 
milling the surface to a depth of 3 cm using a remixer, mixing a milled material with the addition of 
new asphalt mixture and bitumen (up to 1%), placement and compaction of the layer. 
7) Hot recycling technology by the Remix Plus method. The method includes heating and 
milling of pavment to a depth of 5 cm using a remixer, mixing a milled material with the addition of 
bitumen (up to 1%) with simultaneous placement of a layer of 3 cm thickness of asphalt mixture and 
compaction of two layers in one passage. 
8) The technology of thin-layer pavement of cast emulsion-mineral mixtures. This 
technology includes the elimination of potholes in the asphalt pavement and arrangement of a wearing 
course of cast emulsion-mineral mixture in two passages by a specialized machine. The total thickness 
of the layer is 3 cm. 
9) Surface treatment. This technology includes the removal of potholes in the asphalt 
pavement and arrangement of a single surface treatment with spreading the crushed stone by a 
specialized machine. 
Taking into account [10] determination of the cost of works for each of the selected 
technologies (Fig. 2), estimated calculations have been made with the use of the program complex 
SMETA_8_Online in current prices as of 15.04.2020. 
According to [7], the annual costs of maintenance and current minor repairs of the national 
road of III category have been calculated. According to the first variant (without taking into account 
works on elimination of potholes of road pavement) expenses on 1000 m2 of pavement make 31500,00 
UAH, and for the second variant − 15011,63 UAH. 
When estimating the costs, different terms of operation life cycle of road pavements repaired 
according to technologies 1-9 were also taken into account. An example of the calculation of costs for 
the current mid-term repair and operational maintenance of 1000 m2 of the highway of the III category 
repaired by technology 1, is given in Table 1. Costs by technology are similarly calculated. The total 
costs of the current mid-term repair and maintenance for each option are compared in Tables 2. 
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Fig. 1. Current repair cost of 1000 m2 of road pavement by technology:  
a - 1; b - 2; c 3; d - 4; e - 5; f - 6; g - 7; h - 8; i - 9 
 
Table 1. Costs of current mid-term repair and maintenance of 1000 m2 of category III road 
repaired by technology 1 
Year Discount factor 
Costs, thousand UAH 
Annual costs, 
thousand UAH 
Accumulation 
of costs, 
thousand 
UAH 
  
0 1 355,361 - 355,361 355,361 
1 1,05 - 13,344 13,344 368,705 
2 1,103 - 14,011 14,011 382,716 
3 1,158 - 14,718 14,718 397,434 
4 1,216 - 15,452 15,452 412,886 
5 1,276 - 34,048 34,048 446,934 
Total - 355,361 124,523 446,934 - 
 
Table 2. Costs of current mid-term repair and maintenance of 1000 m2 of category III road 
repaired by technology 1-9. 
Year 
Annual costs by за technology 1-9, thousand UAH 
1 2 3 4 5 6 7 8 9 
0 355,361 367,057 195,068 154,801 200,073 212,995 274,292 205,588 68,781 
1 13,344 13,344 13,344 13,344 13,344 13,344 13,344 13,344 28,000 
2 14,011 14,011 14,011 29,4 14,011 14,011 14,011 29,400 29,40 
3 14,718 14,718 30,884 30,884 30,884 30,884 14,718 30,884 30,884 
4 15,452 32,424 32,424 284,877 32,424 32,424 15,452 367,702 144,594 
5 34,048 34,048 34,048 16,226 34,048 34,048 34,048 16,226 34,048 
Total 446,934 475,602 319,779 529,532 324,784 337,706 365,865 663,144 335,707 
 
On the basis of the data from Tables 2, a graphic representation of the given costs for the current 
mid-term repair and maintenance of the road, depending on the service life of the road, is made (Fig. 2). 
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Fig. 2. Chart of annual reported costs for current mid-term road repair and maintenance, 
depending on repair technology: 
a - 1; b - 2; c 3; d - 4; e - 5; f - 6; g - 7; h - 8; i - 9 
Charts in Fig. 1 and Fig. 2 show that when comparing only the cost of repair, economically 
viable methods of restoring the riding qualities of roads is the surface treatment and hot recycling 
technology by Reshape method. However, the expert analysis and experience of application of such 
technologies show that the motor road repaired by the mentioned technologies requires the next 
current mid-term repair rather than the motor road repaired by alternative technologies. This, in turn, 
has also affected the minimum value of the integral cost indicator for a comparative period of 5 years. 
The most expensive methods in estimating the minimum value of integral cost indicator for a 
comparative period of 5 years are "traditional" repair technologies with milling the old layer of the 
road pavement and arangement of a new layer, but at the same time, these technologies are the most 
qualitative and durable. 
The technologies of hot regeneration of asphalt concrete and arrangement of wearing courses 
from cast emulsion-mineral mixtures have average cost of repair, but in the five-year perspective are 
the most economically advantageous. 
Conclusions. It has been established that when comparing only the cost of repair, surface 
treatment and hot recycling technology using the Reshape method are economically viable methods of 
restoring the riding qualities of roads. 
The technologies of hot recovery of asphalt concrete and arrangement of wearing courses from 
cast emulsion-mineral mixtures are economically advantageous when comparing them for the period 
between repairs (5 years for the current mid-term repair). 
The cost of repair by any technology is too dependent on the cost of construction materials and 
the share of local materials at the facility, so in each case, when choosing a method of repair, it is 
necessary to conduct a pre-project technical and economic comparison. 
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